Although river-aquifer connections through baseflows have been increasingly studied in 106 the last decade, there is a lack of literature on how these connections occur in the 107 presence of wetlands, particularly when wetlands are formed through meander cut-off 108 (Džubáková et al. 2015) . A key question concerns the drivers of the surface water level 109 regime of floodplain wetlands, as it is not clear if these are dominated by rainfall, surface 110 runoff (i.e. over-bank flow), a local river-derived groundwater system, a regional 111 groundwater system or some combination thereof. How important these different sources 112 of water will be for a particular wetland will depend on climate, aquifer properties and 113 geomorphic setting. Most studies so far have either focused on a single wetland, or have 114 assumed a similar hydrologic connectivity for all riverine wetlands. Significant efforts 115 have been made towards developing such a typology for wetlands in general (e.g.: 116
Acreman 2004; Ramsar 2005). However, the significance of the groundwater pathway 117 between rivers and wetlands being largely determined by the geomorphic setting of the 118 riverine corridor, it is necessary to include geomorphology in refining the typology of 119 river-wetland-aquifer connections. 120
The objective of this research was to provide a better understanding of the role of 121 geomorphology in controlling groundwater-surface water exchanges in riverine wetlands. 122
The study areas were set in two southern Québec rivers with contrasting 123 geomorphological context, the De la Roche River and the Matane River. These contrasted 124 rivers were the focus of a recent hydrogeomorphological study on the implementation of 125 the freedom space approach in river corridors (Biron et within the study site, the general groundwater flow gradient follows the river gradient at 218 low flows. At high flows, however, hydraulic gradients can temporarily be from the river 219 towards the valley wall (Cloutier et al. 2014 On the DLR River, two riverine wetlands -WA (upgradient) and WB (downgradient) -228 were studied, covering areas of 3.7 and 3.4 ha respectively (Figures 2a, 2b ; see Table 1 
Methods 266

Wetland instrumentation and monitoring 267
On the DLR River, three piezometer nests were hand drilled with an auger along a 268 transect perpendicular to the river in the two wetlands (Figures 2a and 2b 
Storage calculation 328
To provide a quantitative estimate of wetland storage during a rain event, a simple 329 calculation was performed where recharge (w; precipitation + river) is the product of 330 change in water level (∆h tot ; measured value) and effective porosity of the sediments (n e ; 331 estimated) (Equation 1). The change in water level from precipitation (∆h rain ; not 332 measured directly) can be estimated from the ratio between the volume of precipitation 333 (Prec; measured) and the effective porosity (Equation 2). The change in water level 334 resulting from the river (∆h riv ) is the difference between the total water level variation 335 and that from precipitation alone (Equation 3). The river contribution to water levels In WB, the river water levels were much lower than those of the three piezometers for the 368 early part of the summer and the aquifer response to rise in river stage was very limited. 369
The groundwater levels gradually declined throughout the summer until the September 5 370 event, which induced a considerable rise in WB piezometers (with a 16 m 3 /s flow rate). 371
For this event and for the 26 mm precipitation event on October 6, levels in the river 372 temporarily exceeded the levels in the three piezometers. Water levels in piezometer B2 373 reacted very little to increases in river levels. During the July 23 event, the change in 374 piezometer levels at WB was smaller and slower than at WA (0.15 m in 50 h for B1). In contrast, on the Matane River, the water levels on the D55-D127-D257 transect (cf. 387 Figure 3c ) were approximately equal to those in the river. This was maintained 388 throughout the 2011 summer period (on Figure 4c water levels in the Matane River were 389 higher than piezometer levels because the gauging station is located upstream from the 390 piezometers). Groundwater levels in the regional aquifer were higher than those in the 391 floodplain, indicating the presence of groundwater inflow towards the river. It is not 392 uncommon for the water table to be lowest in the floodplain in regionally gaining rivers 393 because of high evapotranspiration rates by floodplain vegetation (Jolly 1996 ; Burt et al. Finally, on the Matane River, the lag time increases as the distance between the river and 416 a given piezometer increases for the Matane River (Figure 6b) . 417 wetland-aquifer connections. On the DLR, the memory effect at WA is similar to that of 552 the river, which can be interpreted as reflecting a bank storage. The shorter memory in 553 WB compared to that of the river indicates a disconnection between the river and its 554 wetland. In the Matane River, the similarity between the autocorrelation functions of all 555 the wetland piezometers and that of the river itself reflects the fact that the highly 556 permeable floodplain and its associated wetland have a strong hydraulic connection. The 557 river and its wetland are strongly connected hydraulically, and during rain events the 558 floodplain acts as a prolongation of the river bed. 559
The measured water level variation (∆h mes ) is higher than the one expected only from 560 precipitation (∆h rain ) on the two wetlands (Table 2 ). This is considered to represent the 561 additional input of water from the river to the floodplain during a flood event and reflects 562 the hydrologic storage of the Matane River floodplain as an extension of the river during 563 flood events. Although a floodwave was not observed in WA, the storage calculations 564 could indicate that this process also occurs in WA, to a more limited extent. It is assumed 565 that a single value of effective porosity is sufficient to describe each wetland. This 566 parameter could vary considerably in the floodplain due to the presence of the wetlands. 567
Here, it is considered that most of the head variations occur in the inorganic sediments, 568 but this was not measured in situ. 569
The two connected wetlands (WA and Matane River) thus play distinct hydrological roles 570 in storing flood water. Removing WA would probably not change in a significant way the 571 DLR River flow rates which already react very rapidly to rain events. However, limiting 572 activities within the river corridor could enhance wetland development and water storage, 573 as well as contribute to attenuate floods and reduce sediment transport. Because of its 574 larger storage capacity, removing the Matane River wetland could have a larger impact 575 on downgradient flow rates, but this cannot be quantified with the available data. 576
Riverine wetland typology 577
Although they are of similar size, results from this study indicate that the three wetlands 578 have distinct hydrological connections to the aquifer and to the river. During high flows, 579 greatly. There is clearly a need to derive a typology of river-wetland-aquifer connectivity 635 that goes beyond the site-specific case. This study is a first step in that direction, setting 636 the baseline for a broadly applicable framework. 637 . P is precipitation, E is evaporation, L is lateral inflow, D is drainage, OB is over-bank flow, GS is groundwa-ter seepage, GD is groundwater discharge, and GR is groundwater recharge. 90x90mm (300 x 300 DPI)
